Abstract. In this paper, four different AMC unit cells are designed to realize the RCS Reduction. For broadening the bandwidth of RCSR, the concept of phase compensation is adopted based on the conventional chessboard theory. The characteristics of the four AMC units are analyzed separately, meanwhile, the concept of coding metamaterials was also introduced, which named the four AMC units as "1" cell, "2" cell, "3" cell, and "4" cell, respectively. At the same time, the optimization algorithm is applied to obtain the optimal array of surrounding configuration, thus achieving an ultra-wideband RCS reduction. The simulation results show that the optimized coding metasurface can realize at least 6 dB RCS reduction in the frequency range from 8GHz to 22GHz when the planewave incidents vertically. This design has a good application prospect for achieving the electromagnetic stealth performance of the target.
Introduction
With the rapid development of detection technology and electromagnetic stealth technology, Radar Cross Section Reduction (RCSR) of the targets has become a key factor in the success of modern warfare. However, the conventional methods, such as using the absorbing material and reshaping the target possess many limitations, which are difficult to meet the restrictions of current electromagnetic stealth. Therefore, the development of metamaterial, due to the low profile, light weight, and wide frequency bandwidth, has become an important research direction at home and abroad.
Artificial Magnetic Conductor (AMC) is a new type of artificial electromagnetic surface, which is periodically arranged by a specific unit cell [1] . Due to the ideal magnetic conductor characteristics, it has already been applied to reducing the antenna profile, suppressing the surface wave and improving the antenna radiation performance, etc. Reference [2] firstly proposed a method, which combined AMC and PEC (Perfect Electric Conductor) to form a checkerboard structure. According to the theory of array synthesis, the RCS of surface can be reduced at least 10 dB when the phase difference between the two blocks is kept in the range of 150° to 210°. Basing on this method, a great deal of works have been done over the past decade [3, 4, 5, 6] .
In this paper, we combine the concept of coding metamaterials [7, 8, 9] , chessboard theory [2] and phase compensation [10] to design four different AMC units, which name them as "1" cell, "2" cell, "3" cell and "4" cell, respectively. At the same time, by adopting an optimization algorithm, these AMC units can maintain the phase difference within 150°to 210°over an ultra-broad bandwidth in the specific surrounding configuration, which realizes the cancellation of scattering wave.
Design of the four different AMC units
The four AMC units proposed in this paper are the window-flower, double-ring, patch, and multiple-patch, which are named "1" cell, "2" cell, "3" cell, and "4" cell, respectively. The dielectric substrate used for all four units is FR4 with a relative permittivity of 4.4 and a loss tangent of 0.02. Besides, the pec is used on the bottom of the dielectric plate to ensure absolute reflection. It is worth noting that the upper plane of all the units are located on the same layer, however, the metal bottom layer of the "4" cell is higher than the other cells. The periodic of the four AMC units is 10mm, denoted as p. The most important parameters in Figure. 1 are the followings: La=7mm, Ws=1.5mm, Ls=3.25mm, t=0.4mm, Lc=3mm, a=6.8mm, pa=7.6mm, Li=2.25mm, h=2.4mm, h1=1.6mm. The detailed structures of the four units are shown in Figure. According to the AMC-AMC chessboard configuration given in [4] and the theory of array synthesis, when the planewave incidents vertically on a scattering surface, the RCSR can be represented as the following formulas compared to the PEC. (
Where A 1 and A 2 are the reflection coefficient amplitudes of the two AMC structures, and P 1 and P 2 are their reflection phases. Ideally, we assuming that A1=A2=1. In order to realize at least 10 dB reduction in the normal direction, the phase difference between two AMC blocks could be derived as 
It means that the phase difference between the two different AMC blocks should satisfy the range from 150 degree to 210 degree. Based on this principle, the authors use the concept of phase compensation, which is introducing another two AMC units to keep the phase difference within the requirements in equation (2) both in the lower and higher frequency band simultaneously. In this way, the bandwidth of RCSR can be further extended enormously.
The commercial simulation software CST Microwave Studio is applied to simulate the four units, and the reflection phase curves of the four AMC units are shown in Fig. 2 (a) and (b) . In order to clarify the concept of the phase compensation, which plays a key role in broadening the bandwidth of RCSR. Figures 2 and 3 show the reflection phase curves of the conventional AMC-AMC checkerboard MS (without compensation) and the novel coding MS (with compensation), respectively. It can be seen from Fig. 2 that the phase difference between "1" cell and "2" cell is maintained over the range of 9 GHz to 17.5 GHz within wide bandwidth. Therefore, for further expanding the RCSR bandwidth, another two units named "4" cell and "3" cell are adopted to compensate the phase of "1" cell and "2" cell, respectively. In other words, it means that the reflection phase of the four AMC units satisfies the 10 dB RCS reduction condition in both the lower frequency range and the higher frequency range. Figure 3 shows the curve of reflection phase difference versus frequency. As can be seen from Figure 3 , the effective operating bandwidth which satisfies the RCSR requirement based on the concept of phase compensation is from 6 GHz to 20 GHz (relative bandwidth 113%). Phase/deg 
Design of the novel coding MS
In order to achieve the design of coding MS, four AMC units need to be distributed randomly. However, the core concept of phase compensation is still based on the chessboard theory requirement between the arbitrary two units. In fact, the layout arrangement of the four units is not truly random, therefore, all the AMC units need to be restricted strictly by the specific limitation. The detailed explanation of the surrounding arrangement of coding MS is as the followings. The "1" cell can only be adjacent to "1, 2, 4" cells, similarity, "2" cell can only be adjacent to "1, 2, 3" cells, "3" cell can only be adjacent to "2, 3" cells, and "4" cell can only be adjacent to the "1, 4" cells. The corresponding limitation relationship of the four AMC units is shown in Figure 4 . When the planewave incidents on the MS vertically, assuming that the surface current induced by each cell is same and uniform, then the directivity coefficient in the upper half space can be derived by the array synthesis. Finally, by using the optimization algorithm, a 16×16 coding MS is performed based on the co-simulation between MATLAB and CST. The MS is shown in Figure 5 . 6 shows the comparison RCS simulation result of the novel coding MS and the metal plate with same size. Compared with the metal plate, the coding MS designed in this paper can achieve a good RCSR in the range of 8 GHz to 22 GHz. Meantime, at least 6 dB RCSR can be achieved across the whole band. 
Conclusion
In this paper, four different AMC unit cells are designed. Meanwhile, the concept of phase compensation is adopted, which makes the phase difference between two specific units within a range of 150 degree to 210 degree over the range of 6 to 20 GHz. The four units are digitally coded. Basing on the constraint conditions between the specific units, an optimization algorithm is used to optimize the surrounding configuration of four units and a novel coding MS is proposed. According to the simulation results, when the planewave incidents on the surface vertically, at least a 6 dB monastic RCS reduction is obtained between 8 GHz to 22 GHz, thus the goal of electromagnetic stealth is achieved over a wide bandwidth. This design can be a good candidate for the future target electromagnetic stealth.
